Abstract Current approaches to secondary education expose students to cultural information and environmental conditions that were not typical features of youth development for the vast majority of human evolution. Understanding the mismatch between adolescents' evolved information processing biases and the educational content and environmental cues they often experience in school can help us to identify and/ or develop educational approaches that will work with student biases in attention and motivation, rather than against them. In this paper, we present an evolutionary perspective on adolescent learning, review life history theory, and describe how adolescents adopting a fast life history strategy (fast LHS) are especially susceptible to the mismatch between evolved biases and modern schooling. We then argue that learning in context is an approach that is more consistent with adolescents' evolved biases than traditional academic school environments and suggest that career and technical education (CTE) is an existing model that can be used successfully in secondary education, especially with students following a fast LHS. We conclude with future directions for CTE research and also applications of evolutionary theory to education and educational psychology.
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Keywords Evolutionary educational psychology . Life history theory . At-risk adolescents . Secondary education . Career and technical education Current approaches to secondary education expose students to cultural information and environmental conditions that were not typical features of youth development for the vast majority of human evolution (Geary 2011 ). This implies a potential for mismatch between adolescents' evolved information processing biases and the educational content and environmental cues they often experience in school. Understanding evolved information processing biases that are relevant to secondary education, along with the survival and reproductive challenges these biases helped our ancestors solve, can help us to identify and/or develop educational approaches that will work with student biases in attention and motivation, rather than against them. In this paper, we review (1) the survival and reproductive challenges faced by adolescents, (2) several information processing biases that evolved to solve these challenges, (3) mismatches between features of modern school environments and student information processing biases that may contribute to poor achievement, discipline occurrences, and dropout, and (4) how some students are particularly maladapted to modern school contexts because of their home and neighborhood contexts. We go on to outline some guiding theoretical principles for an evolutionarily informed secondary education and discuss career and technical education (CTE) as a largely evolutionarily consistent approach.
Survival and Reproductive Challenges Faced by Adolescents
Adolescents are more likely to engage in high-risk behaviors than people in any other stage of development (Ellis et al. 2012 ). High-risk behaviors such as substance abuse, multipartner sex, and delinquency are prohibited in school settings and have been linked to poorer academic achievement (Hallfors et al. 2002; University of Minnesota 2007) . In the developmental literature, high-risk behaviors have been conceptualized as pathological and many intervention approaches to reducing their prevalence have been developed and studied (e.g., substance abuse prevention, sex education, and notolerance approaches to bullying; Ellis et al. 2012; Hansen et al. 2007; Nation et al. 2003; Roe and Becker 2005; Sobeck et al. 2006; Wandersman and Florin 2003) . By and large, these approaches can be framed as working against adolescents' motivations to engage in high-risk behaviors because they attempt to modify these motivations directly or eliminate their behavioral manifestations.
From evolutionary and economic perspectives, risk is conceptualized as variance around a mean payoff (Figueredo and Jacobs 2010) . Riskier behaviors are characterized by greater variance in potential payoffs, but not necessarily a less favorable average outcome. Many highrisk behaviors may produce net gains despite their potential for causing serious harm. As noted by Ellis et al. (2012) , developmental approaches have generally focused on the harm that can result from high-risk behavior, leaving aside the potential gains. This focus has made it difficult to describe why adolescents are motivated to engage in high-risk behaviors, which is important because this information could be used to craft approaches to improving education that work with adolescents' motivations, rather than against them. Specifically, this information could be used to frame educational goals as pathways to overcoming problems adolescents are already motivated to solve, create educational processes that work with the information processing biases that have evolved to solve these recurrent problems, and identify existing approaches that are consistent with these principles.
Adolescence marks the transition from pre-reproductive to reproductive status, or the period when people begin to develop into reproductively competent individuals. Given this context, perhaps it should be unsurprising that sexual promiscuity and competition peak during adolescence as young people begin competing to control resources, negotiate status, and attract mates (Ellis et al. 2012; Weisfeld 1999; Weisfeld and Coleman 2005) . To meet these challenges, adolescents undergo a punctuated change in a number of physiological, psychological, and social domains. For instance, adolescents begin to develop secondary sexual characteristics, stay up later at night (when most sexual activity takes place), eat more, increase their romantic involvement, exhibit greater sensation seeking and aggression, and begin pulling away from parents and/or caregivers (for a review, see Ellis et al. 2012 ). In the context of these changes, adolescents are keenly sensitive to socioenvironmental input and experience rapid learning and behavioral changes that often persist into adulthood (Ellis et al. 2012 ).
Education-Relevant Changes in Adolescent Brain
Organization and Cognition. As young people enter adolescence, they are faced with a new set of survival and reproductive challenges. High-risk behaviors are often used in efforts to overcome these new challenges, although they may violate school norms and rules and can detract from academic achievement and attainment. Adolescence is also marked by dramatic changes in the frontal cortex (FC) that underpin or co-occur with the broad developmental changes discussed above (Giedd et al. 1999) . Some researchers have estimated that the adolescent brain may lose as many as 30,000 synapses per second (e.g., Rakic et al. 1994) , accounting for part of the gross loss in FC volume during this period. The FC is also the last area of the brain to complete myelination, and this does not occur until well into young adulthood (Spear 2002) . This is important because the FC plays a central role in the decision making, emotional regulation, behavioral inhibition, and delay of gratification essential to investment in personal or embodied capital (e.g., academic success; for a review, see Figueredo et al. 2006) .
According to Goldman et al. (2006) , cognitive processing translates individuals' experiences into expectancies, which prepare them for future encounters with similar circumstances. Expectancies contain the value of rewards, along with the probability of achieving them through particular behavioral strategies (Goldman et al. 2006; Higgins and Spiegal 2004; Redish et al. 2008; Eccles and Wigfield 2002) . The FC is responsible for the hierarchical integration of contextually related expectancies into networks or cognitive schemas, which associate salience (i.e., wanting) with long-term goals and current behavioral alternatives (Carbon and Albrecht 2012; Conrey and Smith 2007; Goldman et al. 2006; Lende and Smith 2002; Ross and Hill 2002; Stacy and Wiers 2006) . When the most salient goals in the hierarchy must be realized in the future, self-control is deployed to regulate behavior in service of these superordinate goals (Duckworth and Gross 2014) .
Stemming from the above, one reason adolescents engage in immediately gratifying socially deviant or delinquent behaviors (i.e., high-risk behaviors), and simultaneously experience difficulty investing in academics, is that they are not yet able to fully associate salience with long-term payoffs and the behaviors needed to produce them. This means they may experience difficulty forming positive educational utility beliefs (i.e., that education is useful or valuable; see Eccles and Wigfield 2002) . In addition, they are not yet fully able to exert self-control to inhibit pre-potent responses (i.e., impulses) that may conflict with achievement of more valuable future outcomes (e.g., educational attainment). This immature nature of the frontal cortex during adolescence poses a challenge for educators, who often attempt to engage secondary students in learning that will pay off long-term and in unfamiliar contexts.
Education-Relevant Information Processing Biases
As people navigate adolescence, they are assisted by cognitive processing biases that prepare them for reliable and efficient detection, attention, and learning related to survival and reproductively valuable information. These biases evolved in response to recurrent problems faced by ancestral humans (Geary and Flinn 2001; Haselton et al. 2009; Haselton et al. 2005) . Some of these biases, such as implicit fear of snakes, are infrequently relevant to school contexts, while others, such as bias for attending to faces and inferring from them the emotions of others, can be critical for guiding social behavior in schools (Damasio 2003; Haselton et al. 2005) . For instance, implicit dominance and submission motives help coordinate social interactions among individuals by automatically activating submission in response to larger or higher-status individuals who would be too costly to challenge, or by automatically activating dominance when this response is likely adaptive (van Honk and Schutter 2007) . In addition, people have attentional and processing biases for out-group and ingroup individuals that facilitate quick classification of conspecifics as either friends or foes and, on this basis, prepare friendly or unfriendly behavioral responses (Haselton et al. 2005 (Haselton et al. , 2009 ). Geary (2011) calls our general predisposition for learning information that helps us control our social worlds, bias for folk psychology (p. 8).
Adolescents' concern with social context also extends to competition for control of their physical worlds. According to Geary (2011) , folk biological and physics modules enable people to classify the natural world of plants and animals, construct representations of three-dimensional spaces, and carry out guided movement. Humans intuitively learn rudimentary hunting, foraging, and weaponry skills. They also have biases for learning and conceptualizing numbers and time (Gallistel and Gelman 1992) . Among secondary students, all these implicit learning biases manifest as complex affinities for knowledge of strategies, skills, and competitive outcomes related to activities such as sports, along with knowledge of the characteristics, behaviors, and uses of animals and plants (e.g., 4-H club). Many school children express more interest in sports-related achievement than core academic areas (Eccles et al. 1993; Geary et al. 2003) . From an evolutionary perspective, this is unsurprising.
In addition to biases for specific types of content, young people have biases for learning via modalities that correlated with reproductive success in ancestral environments. In traditional societies, learning often occurs via exploration and play, 1 storytelling that transmitted moral and other cultural information across generations (Jordan 1989) , and apprenticeship-like pedagogy that included scaffolding by more skilled individuals and experiential or active learning (i.e., learning by doing; Brown 1991; Collins et al. 1989; Geary 2011; Lancy 2010 Lancy , 2012 . In the context of storytelling and apprenticeship-like pedagogy, status-bearing adults enabled youth to learn the competencies prerequisite to adult roles.
Mismatch Between Ancestral Environments and Modern Schools
In modern schools, core academic areas such as math and science are taught in classrooms that are largely disconnected from students' local ecologies. Secondary teachers are rarely also professionals working out in the community. Most often, secondary teaching is a full-time job. This implies that students may not be able to conceptualize many of the ways that studying biology now might translate into resource control or status in the distant future. Further, some secondary students never take a psychology course, so they may not learn how basic science can be brought to bear on their understanding of the "really important things," like their conflicts with boyfriends and girlfriends, or their perceived status. Today, the experiences that correlated with becoming a competent adult in traditional societies have been largely replaced with teacher-directed explicit classroom instruction (Geary 2011 ). We do not mean to cast an unfavorable light on this development. Most children need explicit classroom instruction to learn to read and write (Hindson et al. 2005) . However, greater recognition of the mismatch between modern and ancestral human environments could enable educators to identify or develop educational approaches that engage students using processes and contexts that work with their evolved preference for exploration, storytelling, and apprenticeship, and also relate core knowledge to folk domains and adolescents' motives for resource control, status, and mates.
We recognize that some educators may prefer not to frame education as a pathway to resource control, status, and mates. Instead, they may favor the view that education is a means to a higher purpose such as the common good. But, these ends are not mutually exclusive, and we need not look far for cultural evidence of how appealing to adolescents' motives for power and mates works. Just consider the massive popularity of hiphop and R&B songs that have appealed to these desires through their lyrics. To make core content interesting to adolescents, especially at-risk adolescents (see discussion below), we need to show how it is useful in their particular biopsychosocial context. In other words, we need to show adolescents that prosocial behavior and investment in embodied capital are useful pathways to the same functional outcomes they expect to achieve through high-risk behavior. To achieve this, educators could intervene to help adolescents form positive educational utility beliefs by focusing more on outcomes that can be framed as improved resource control, status, and access to mates.
An Evolutionary Perspective on At-Risk Students
According to Geary (2011) , the evolved cognitive adaptations that allowed ancestral humans "to anticipate changing conditions and to generate and mentally rehearse potential behavioural responses" (p. 2) now allow modern humans to learn novel cultural information such as algebra and written language. These adaptations include intelligence and also selfcontrol or executive functions (i.e., attention shifting, inhibition, and working memory; Ardila 2008; Barkley 2001), which are well-known correlates of academic success (e.g., Alloway and Alloway 2010; Aronen et al. 2004; Laidra et al. 2007 ). Recent research suggests that executive functioning is biologically sensitive to context (Del Giudice et al. 2011; Ellis et al. 2009 ). For instance, low socioeconomic status and maternal stress appear to contribute to the development of executive dysfunction among children and adolescents (Del Giudice et al. 2011 ).
Life History Theory and Education. Life history theory provides a biological explanation of the link between environmental conditions and cognitive functioning (Chisholm 1999; Figueredo et al. 2006 ). According to life history theory, species fall along a fast-to-slow reproductive continuum. At the fast end, organisms such as fish inhabit uncertain and high predation environments, reproduce early, and invest in offspring quantity rather than quality; at the slow end, elephants experience greater safety and predictability, delay reproduction, and invest in offspring quality at the expense of quantity (e.g., through parenting; Geary and Flinn 2001). The evolutionary logic is that when conditions are safe and predictable, investments in domains such as somatic effort (e.g., health) and parenting are more likely to pay off given that mortality is lower and the future can be predicted, while investment in early reproduction and mating effort are more likely to pay off given environmental harshness and unpredictability (Figueredo et al. 2006; Kaplan and Gangestad 2005) .
The fast-to-slow life history spectrum has been documented among humans at various times and in various places (for a reviews, see Ellis et al. 2009; Figueredo et al. 2006; Del Giudice 2014) . Among modern humans in Western societies, fast life history strategy (fast LHS) appears to be characterized by higher levels of mating effort, risk taking, earlier timing of puberty and childbirth, and antisocial or socially antagonistic behavior, while slow life history strategy (slow LHS) seems to be characterized by delayed reproduction, greater mental and physical health, higher levels of parenting effort, and prosocial or cooperative behavior (Del Giudice 2014; Ellis et al. 2009 ). Relevant to education, slow LHS is also characterized by greater investment in personal or embodied capital (Figueredo et al. 2006) . Consistent with the predictions of life history theory, slower LHS seems to reflect predictability and safety, while faster LHS reflects unpredictability and harshness (Ellis et al. 2009; Kaplan and Gangestad 2005; Ross and Hill 2002) .
Life history research suggests that those who have inhabited dangerous and unpredictable environments are more likely to have sensational interests (Weiss et al. 2004) , take greater risks and engage in impulsive behaviors (Ellis et al. 2012) , abuse psychoactive substances , have more sexual partners Figueredo et al. 2006) , and report more delinquent behaviors (Del Giudice et al. 2011 ). These findings suggest that some students are less likely to behave in accordance with school rules and more likely to accrue discipline occurrences due to their engagement in fast LHS.
There is also accumulating evidence that cognition mediates the expression of LHS. Richardson and Hardesty (2012) reviewed evidence consistent with a link between fast life history strategy and reliance on implicit cognitive processing, while Figueredo et al. (2006) provided an extensive review of evidence that brain development mediates the development and expression of faster or slower LHS. For instance, individual differences in executive functioning and the development of brain structures such as the prefrontal cortex have been documented and tied to LHS and environmental conditions (Del Giudice et al. 2011; Figueredo et al. 2006; Ellis et al. 2009 ). Taken together, the literature seems to imply that more implicit or automatic cognition enables humans to survive and reproduce quickly given unfavorable conditions, while more deliberate cognition (i.e., "effortful" control) enables humans to map out predictable environments and coordinate behavior within groups to achieve longer-term goals (see also Gilbert 1998) .
Importantly, research suggests that executive functions integrate information about the value of outcomes (Pessoa 2009; Taylor et al. 2004 ). This may imply that executive dysfunction prevents students from forming positive educational utility beliefs (i.e., favorable expectancies about formal education; Eccles and Wigfield 2002) . Both educational utility beliefs (Conley 2012; Eccles and Wigfield 2002; Harackiewicz et al. 2012 ) and executive functioning (Alloway and Alloway 2010; Aronen et al. 2004; Laidra et al. 2007 ; for measurement as self-control, see Duckworth and Carlson 2013; Mischel 2014) have been theoretically and empirically tied to academic outcomes such as achievement and attainment. Thus, it seems plausible that students employing a faster LHS are less likely to achieve well in school because of executive dysfunction that inhibits the formation of the positive educational utility beliefs, along with the self-control necessary for educational achievement/attainment. It is important to note that from an evolutionary perspective, executive dysfunction is not necessarily viewed as pathological but can often be seen as an adaptation to conditions requiring diffuse attentional style and quick behavioral activation. Our human ancestors often inhabited conditions in which these characteristics would have been quite useful given that the environment contained imminent threats and scarce resources that required immediate behavioral responses. Consistent with this conceptualization, children with executive dysfunction (i.e., ADHD) display superior associative learning under stressful conditions (Gatzke-Kopp 2011). This finding extends to other species. For instance, rats exposed to insensitive caregiving manifest stymied cognitive development (e.g., shorter dendritic branch lengths) but better learning and memory under stressful conditions (Del Giudice et al. 2011 ).
Sex Differences. Research has documented sex differences in life history strategy such that males tend to fall closer to the fast end of the life history spectrum than females (Del Giudice 2009). These differences are thought to reflect a basic reality of male and female biology-females must expend far more parental investment to reproduce successfully, implying that a quantity over quality strategy is less viable and indiscriminate mating is much more costly for females, compared with males (Trivers 1972 ). Indeed, evolutionarily informed studies have shown that human females tend to be the choosier or more selective sex (Schmitt et al. 2001) , while males tend to engage in greater intra-sexual competition to gain favor or access to females (Gangestad and Simpson 2000) . These sex differences are reflected in greater average muscle tone and strength among males, which aides in physical competitions, fights, intergroup warfare (Van Vugt et al. 2007) , and hunting (Wood and Eagly 2002) , and also in the larger average waist-to-hip ratios (WHRs) among females, which signal fertility (Ellis et al. 2012) . Indeed, males perceive that larger WHRs are more attractive, while females tend to prize greater strength and athleticism among males (Ellis et al. 2012) . Illustrating these differences further, males devote more effort to status striving (Buss 2008 ) and display more high-risk behavior for potential reproductive gains within a hierarchy (Nettle 2009 ). Furthermore, males exhibit higher levels on present orientation (Kruger et al. 2008 ) and also sensation seeking and motivational impulsivity (Cross et al. 2011) . However, some of these differences may be sensitive to context, as Wilson and Daly (2004) found that males discount the future more than females, but especially when primed with physically attractive females. In contrast to males, females tend to expend more parenting effort and exhibit risk aversion (e.g., greater sensitivity to retribution or punishment and other threats ; Campbell 2002; Cross et al. 2011) .
Of course, the average differences discussed above should not be taken as negating the substantial behavioral variation found within each sex (Rhen and Crews 2002) or the role of culture/socialization (e.g., in explaining variation in societal roles taken on by males and females ; Mealey 1999; Wood and Eagly 2002) . There is also a lot of variation in the sorts of females to whom males are attracted, and vice versa, and it is important to note that in some cases, sex differences are universal but only small in magnitude (Mealey 1999) . Finally, documented variations in human traits that stem from biological factors do so within an environment. To illustrate, genetic factors account for much of the variance in psychoactive substance use (Urbanoski and Kelly 2012) . However, if substances were no longer available, genes would then account for zero variance in substance use. The role of genetic factors can often be understood in this way-as interacting with environments that constrain or allow their expression. Stemming from this, sex differences can be understood as reflecting biology in environments as they currently exist. In the distant future, such differences could be more or less attributable to biology and more or less evident.
Implications for Modern Secondary Education
Modern secondary educational environments require long periods of sitting, devotion of attention, and working memory to stimuli that are not very relevant to short-term survival, along with inhibition of fast LHS behavioral responses to survival and reproductively relevant cues that are often present in schools. For instance, students experience cues to the availability of mates, challenges posed by intra-sexual competitors, and behavioral constraints imposed by older and higher-status group members. Fast LHS responses to these cues could be expected to include displays of risk taking and dominance or reproductive viability to win access to mates, fight-or-flight responses to intra-sexual challengers, and defiance of higher status group members.
This life history perspective sheds light on the nature of students who are at risk for poor academic achievement, discipline occurrences, and dropout. From this perspective, many students will experience these outcomes because they have inhabited harsh and unpredictable home and/or neighborhood environments and developed fast life history strategies, which are adaptive but also problematic in modern school contexts. This is because their experiences and executive functioning have led them to discount future payoffs associated with longterm educational goals (e.g., by moderating the formation of educational utility beliefs), exert lesser self-control in their pursuit, and manifest a behavioral repertoire that is prohibited in schools. Finally, because males tend to be farther toward the fast end of the life history spectrum than females, they will likely be overrepresented among those experiencing such outcomes. Indeed, recent literature suggests that on average, males have poorer academic achievement and more discipline occurrences in primary school (Cornwell et al. 2013) , have greater incidence of high school dropout (Heckman and LaFontaine 2010) , and are less likely to graduate college (Goldin et al. 2006) .
Principles for an Evolutionarily Informed Secondary Education
Drawing on the evolutionary perspective described above, we have identified several theoretical principles for working with secondary students' evolved information processing biases. Our list of principles should not be seen as exhaustive but, instead, serves as a starting point for identifying evolutionarily consistent educational approaches. That is, in addition to guiding the development of novel educational and psychological models, we contend that evolutionary theory should be used to identify existing approaches that already appear effective and also happen to be evolutionarily consistent. Below, we use this list to identify one such educational approach. We hope our theoretical principles will stimulate additional work at the interface of evolutionary psychology and education, including studies validating these principles.
Principles of an Evolutionarily Consistent Secondary Education
1. Core content is related to students' intuitive understandings of folk domains. 2. Core knowledge is framed as information that can be used to achieve resource control, status, and mates. 3. Educational processes that match students' inherent preferences for exploration and play, storytelling, and apprenticeship-like pedagogy are employed. 4. Extensive scaffolding enables students to make all the connections implied above in spite of the challenges they face in terms of development. This is particularly relevant among at-risk students who have inhabited harsh and unpredictable environments.
Context-Based Education: an Evolutionarily Consistent Approach
Contextualized approaches to education may be better suited to adolescents' developing brains and levels of executive functioning than traditional approaches. By providing students with scaffolding and real-world experience (i.e., active or experiential learning), they may decrease the load on the immature substrate in the frontal cortex and thereby facilitate learning and the formation of positive educational expectancies or utility beliefs. This may occur because contextualized approaches leverage evolved biases or biologically primary learning (e.g., learning through movement, collective working memory, and/or embodied cognition) in the service of more evolutionarily novel or biologically secondary learning (e.g., mathematics), ultimately lessening the cognitive load imposed by the latter (see Paas and Sweller 2012) . This may also occur because these approaches provide students with experiences that enhance motivation for educational outcomes by revealing how learning could pay off in terms of resource control, status, and perhaps mates, rather than requiring them to deliberately form educational utility beliefs out of context. In turn, this motivation could recalibrate allocation of available cognitive resources to executive functions, such that educational goals are maximally achieved (Pessoa 2009 ). If these assertions hold true, contextualized approaches may engender the greatest improvements in academic outcomes among at-risk students who exhibit lower levels of executive function and are pursuing short-term payoffs at the expense of embodied capital and longer-term goals. Below, we review a well-studied contextual approach to education known as career and technical education (CTE) and highlight its consistency with our evolutionary principles.
Career and Technical Education
Career and technical education (CTE), formerly known as vocational education, has been a part of the US high school experience since the beginning of the twentieth century. At that time, American cities, immigration, and industry were expanding, and vocational education was introduced as a way to prepare working class youth for their future in the growing industrial economy (Krug 1969) . By the time of the standards-based education reform movement of the 1980s, vocational education had become stigmatized: It was seen as outdated in an economy that was losing manufacturing, and it was considered incapable of producing college-ready youth in a society that valued baccalaureate degrees. The CTE field integrated academic subjects into its programs, contextualizing for students the math or science concepts that are embedded in programs such as automotive technology or health occupations. In the early twenty-first century, vocational education renamed itself CTE to reflect the shift to preparing students for further education and training for the contemporary workforce, offering programs such as biotechnology, preengineering, and culinary arts. Throughout this time, despite the stigma among educators, CTE has remained popular among adolescents, perhaps because CTE provides opportunities for students to engage in work activities with real consequences, and to develop identities and relationships with adults other than teachers or family members (Hall and Raffo 2004) . In addition, CTE programs can help students see a purpose for learning academic subjects beyond school achievement (Castellano et al. 2012 ).
CTE as Evolutionarily Consistent
Linking Academic Content and students' Biases for Folk Domains. By embedding core content within technical programs, CTE provides real-world stimuli that can activate students' folk information processing and motivational biases for learning about and controlling their worlds. CTE provides students with contexts in which it is possible to integrate sensory information about the world, motivation for learning about and controlling it, and scientific information about how it works. For instance, core math and science concepts are embedded in programs like pre-engineering or automotive technology that activate biases for folk physics, while nursing and biotechnology programs embed core biology and chemistry content into contexts where stimuli can activate biases for folk biology. This integration of context and core content may leverage biologically primary learning in service of biologically secondary learning, lessening the load that core biology or physics content places on working memory (Paas and Sweller 2012) . This integration may also allow the shortcomings of our folk biases to become readily apparent, highlighting the value added by core content (i.e., folk biases may be effectively challenged in this way). However, it is also possible that some folk biases interfere with biologically secondary learning (e.g., intuitions about species change seem to function as a barrier to understanding evolution [Shtulman 2006] ). The application of cognitive load theory (see Paas and Sweller 2012) to context-based learning could reveal important information about how and when contextualized approaches may be more or less useful. Another key contribution of contextbased approaches likely stems from their activation of students' motivational biases for learning and controlling their worlds, which may help to recruit available cognitive resources to focus or maximize executive functioning. Indeed, it is motivation that puts core content to work, not the reverse.
Framing Core Knowledge as Useful for Achievement of Resource Control, Status, and Mates. While CTE may not intentionally highlight how students' motivations for resource control, status, and mates are consistent with career pathways, CTE students build relationships with adults 2 that work with their biases for learning through exploration, storytelling, and apprenticeship-like pedagogy. These relationships allow them to explore and learn about the career trajectories that characterize various fields. This learning can occur through field-based stories that adults share with students as well as through the work-based learning experiences common to many CTE programs. These experiences can help students see what a career in nursing or engineering might look like in terms of embodied capital, status, income, and/or health, etc. In this way, motivation for learning might be increased, which could then enhance executive functioning as more cognitive resources are devoted to it. Moreover, such experiences may work with students' current levels of executive functioning better than traditional classroom instruction, which likely requires students to engage in more effortful formation of educational utility beliefs.
Matching Educational Processes with Students' Inherent Learning Preferences. CTE works with students' biases for learning through exploration, storytelling, and apprenticeshiplike pedagogy. Below, we review how CTE is consistent with students' evolved biases for these learning processes, drawing on foundational scholarship in context-based learning.
Apprenticeship. As mentioned, CTE works with students' preference for learning through apprenticeship-like pedagogy. Such pedagogy occurs informally (e.g., in the context of village-based learning) and also in apprenticeships that are formally arranged (Lancy 2012) . In this section, we use "apprenticeship" in reference to the pedagogy of apprenticeship rather than the institution (see Lancy 2012, p. 120) . Later, we discuss formal apprenticeships as well.
Apprenticeship supports the social aspect of learning-apprentices observe the target practice, are guided or scaffolded by the master, and practice until they can approximate the performance. This learning through guided experience happens most naturally in physical learning because the processes to learn are visible and available to observe and reproduce. There is also a transparent relationship between process and product. These characteristics are not naturally the case for learning academic subjects in school. Brown et al. (1989) noted the inherent motivation to develop physical skills: concrete rewards for quality products. This contrasts with the mastering of academic subjects, the rewards for which are not always clear, relevant, or aspired to by adolescents.
Apprenticeship also encompasses the active aspect of learning: apprentices watch and do. In a review of programs designed to teach critical thinking skills, the most effective programs were "organized around joint accomplishment of tasks, so that elements of the skill take on meaning in the context of the whole" (Resnick 1987b, p. 13) . This approach can and has been applied to academic subjects (see Collins et al. 1989 , for a review), but it is not the norm. It is uncommon for high school teachers to know enough about the 2 It is notable that people seem to have a preference for learning from individuals who are older and seem to have more experience. This preference may be implicit, rather than stemming from evidence indicating that experience usually implies greater skill, knowledge, or performance. Indeed, growing evidence actually tends to challenge this notion (Blow et al. 2007; Mosing et al. 2014; Rice 2010). academic subject matter they teach to act as practitioners. But, in a CTE program, teachers often come from industry, might have apprenticed or interned themselves, and are more likely to be doing physical skill development, especially demonstrating the use of tools.
Exploration Through Project-Based Learning. CTE programs provide opportunities for students to explore real work activities with real consequences, thereby working with students' preference for learning through exploration. CTE often involves project-based learning, or extended inquiry in response to an actual problem, another hallmark of learning outside of school. Learning from projects requires learners to formulate the problem and then deal with the other problems that arise while carrying out the project. Learning becomes a "sense-making pursuit that grapples with ill-defined problems" (Brown et al. 1989, p.10) , not an exercise in which the odd-numbered answers are at the back of the text. Examples from CTE include media students writing and broadcasting the school news program, culinary students running the school café, and biotechnology students identifying the types of bacteria in local pond water. There is no single way to accomplish these tasks, nor one correct "answer."
Storytelling. Storytelling is another feature of evolutionarily consistent learning. Lave and Wenger (1991) posited that stories are central to learning because it is through stories that novices learn about the kinds of contexts in which experts make judgements and decisions. That is, stories are "packages of situated knowledge" (Jordan 1989, p. 935) . Storytelling is more likely to function as a learning mode in CTE than in other curricular areas of the high school: Guest speakers from relevant industries visit CTE classrooms, shops, and labs to talk about their careers. They recount stories from the workplace that help students understand what those careers are like and the kinds of decisions and situations they might encounter.
Scaffolding Students to Make Connections. By now, it may be apparent that the contexts in context-based approaches like CTE do the work of scaffolding adolescents to connect core content to their understandings of folk domains and the outcomes they are motivated to achieve. This may occur because these contexts allow biologically primary learning to facilitate biologically secondary learning (Paas and Sweller 2012) . For instance, during formal apprenticeships, the workplace stories that students' mentors share help students understand what careers are like and the kinds of decisions and situations they might encounter. In these stories, intuitions related to folk domains, core content, and success and challenges in achieving outcomes adolescents care about are linked together, as Jordan (1989) noted, in packages of situated knowledge. Perhaps stories are stored in long-term memory more easily than written information because they draw on some combination of biologically primary learning processes such as audiovisual learning and embodied cognition (Paas and Sweller 2012) .
During formal apprenticeships, tools also provide a source of scaffolding because they are physical manifestations of the contextualized knowledge to be acquired. In a biotechnology program, for example, biology is not only found in the textbook; it is instantiated in the tools and equipment that allow students to isolate and study DNA. The tools and the project themselves are the scaffolds, and they likely enhance biologically secondary learning through primary learning means such as human movement effects and embodied cognition (Paas and Sweller 2012) .
Finally, project-based learning usually includes collaborative problem solving, providing another source of scaffolding: one's peers. Typically, academic classes require students to work alone. Research suggests that such collaborative problem solving with peers enhances biologically secondary learning through collective working memory effects, or by enabling people to reduce the cognitive load of secondary learning through communication (Paas and Sweller 2012) . In this way, project-based learning as implemented in the best CTE programs engage students socially and emotionally, enabling them to better understand the meaning and purpose of what they are learning. Furthermore, CTE programs encourage the use of twenty-first-century skills (i.e., analyzing, evaluating, inquiring, and formulating), put teachers in the background and students in the foreground, offer interaction with and presentation to adults outside of the school, and connect students and schools to communities (Markham et al. 2003) .
CTE Versus Conventional Schooling. To further illustrate the evolutionarily consistent nature of CTE, it is helpful to contrast it against conventional schooling. Learning is largely an active, constructive process, rather than a simple transfer of knowledge (Resnick 1987a, b) . This construction process does not occur in a vacuum-certain contexts foster the creation of knowledge, and others, such as a traditional classroom, foster a more passive type of learning in which the learner listens to and receives knowledge (Lave 1988) . In fact, the school setting may be quite antithetical to students' evolved learning biases. Resnick (1987a) examined learning both in school and out, noting that schools lack the context for the adequate engagement of tools, other artifacts, and people. According to Paas and Sweller (2012) , these are just the sorts of engagements that can leverage biologically primary learning in service of secondary learning (e.g., through movement effects or collective memory effects). In conventional schooling, using objects or people to help one learn can be considered cheating (i.e., a calculator and talking to a peer). Conventional schooling also presents content almost exclusively via teacher-directed instruction, which may discourage development of a variety of strategies for enhancing higher order cognition (i.e., thinking about the thinking and problem solving in which one is engaged). Resnick found that effective out-of-school learning settings involved learners in socially shared intellectual work, such as group projects. In addition to the modeling that occurs in such a group setting (in which learners watch other more skilled participants perform), the social context provides a scaffold for the learner, allowing her to participate despite being a novice. Such contexts contain elements of apprenticeship, in which learners of all levels participate and develop their range and competence gradually. In general, this sort of out-of-school learning seems more consistent with the leveraging of biologically primary learning processes as strategies for learning biologically secondary information.
It is difficult for academic core classes to incorporate these aspects of learning which occur in out-of-school learning situations. CTE, in its best incarnations (Kelly and Price 2009) , already provides all of these elements. Of course CTE, like any topic, can be taught ineffectively, and some career areas foster broader learning than others. But, in high-quality CTE programs (Holzer et al. 2013) , students often work on projects that teach them knowledge and skills that in some way derive from academic subjects (i.e., understanding the results of a biotechnology experiment and writing the morning's school newscast). What students learn is embedded in the activity; the project itself scaffolds the academic learning , giving students a context in which to place useful academic knowledge.
CTE is not alone in the potential to bring this type of learning to adolescents-the arts and physical education readily provide similar hands-on, student-directed experiences. However, these subjects are not taught in ways that cultivate core academic knowledge. Another advantage of CTE is that it prepares adolescents for future careers, which is of interest to both adolescents and society and addresses the societal mission of schooling (Resnick 1987a) . Academic instruction can also be designed to be more evolutionarily consistent and relevant to the concerns of adolescents, usually through project-based learning (Markham et al. 2003) . These ideas are not necessarily new-John Dewey reported the value of such an approach nearly a century ago (Dewey 1916) . But, despite this, most instruction in high school remains antithetical to adolescent concerns and their learning proclivities, and this appears to affect at-risk students to a greater degree, leading to disengagement and dropout.
Conclusions and Future Directions
Our analysis of CTE reveals that this context-based approach to education is consistent with at least three (i.e., #s 1, 3, and 4) of our four (i.e., not #2) theoretical principles for evolutionarily informed education, and it touches on #2. CTE works within student biases in attention and motivation and can therefore alleviate some of the environmental mismatch contributing to poor achievement, discipline occurrences, and dropout. Interestingly, educators and the rest of society have not framed CTE as a pathway to resource control, status, and mates. Instead, CTE has been stigmatized and regarded as a safety net for those who cannot thrive in traditional educational environments and are unlikely to succeed in college. This has occurred despite evidence that (1) CTE is neutral to beneficial to most students in terms of college aspiration and attendance (Betts et al. 2014; Castellano et al. 2014; Neild et al. 2013) ; (2) there is widespread college dropout prior to degree completion, often with student loan debt (Gladieux and Perna 2005) , resulting from a college-for-all mission in the nation's high schools (Rosenbaum 2011); and (3) careers in CTE-related fields can deliver stable employment and substantial income (Kemple and Willner 2008; Meer 2007) . While our analysis suggests that CTE may add great value to traditional educational approaches by incorporating required learning into learning environments that appeal to adolescents, it also indicates that the CTE community should investigate potential strategies for marketing its programs as status bearing. If CTE can be seen as a legitimate way to pursue resource control, status, and mates, adolescents may be able to go through high school learning in an evolutionarily consistent manner that mitigates discipline occurrences and dropout and allows adolescents to develop better informed plans for adulthood.
Our application of ecological and evolutionary principles to CTE also suggests two additional directions for future evolutionarily informed work. First, it suggests that major aspects of CTE could be seen as parts of an evolutionary toolbox for improving secondary educational outcomes. We suggest that in addition to guiding the development of novel solutions to social problems, evolutionary theory can be used to identify effective approaches that already exist, are consistent with its principles, but may be underappreciated. It is our hope that the theoretical principles we have identified here can serve this purpose for researchers in evolutionary psychology and related fields who are interested in applications to education and educational psychology. Perhaps in the future, such work can lead to the integration of educational approaches into a more coherent framework that provides pathways to careers that are viable for students who are dissimilar in their childhood ecologies, abilities, and aspirations. Toward this end, the application of cognitive load theory (see Paas and Sweller 2012) to CTE could lead to important new insights into when and how context-based learning facilitates biologically secondary learning.
Finally, our analysis suggests that the beneficial outcomes of CTE may be larger among at-risk adolescents, for whom the scaffolding provided by context-based approaches should be most helpful because their experiences and executive functioning have led them to discount the utility of educational outcomes as a part of a fast LHS. Despite CTE's historical association with students who experienced academic difficulty, along with some empirical evidence that CTE is helpful to such students (Campbell and Laughlin 1988; Mertens et al. 1982; Plank 2001; Stone and Aliaga 2014) , no theoretical account of why this should be the case has hitherto been developed. Thus, we see the theoretical development presented in this article as an important contribution. Our analysis suggests that future research into the effects of CTE on student achievement should disaggregate participants by risk status to test the proposition that approaches like CTE can alleviate some of the greater mismatches that occur between students from harsh environments and the characteristics of standard secondary education.
